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such as air gaps or bone inhomogeneities, for all flat, surface 
and spherical applicators. Measurements with Gafchromic 
EBT3 films were performed. Irradiated ﬁlms were scanned 
with an EPSON Expression 10000XL ﬂatbed scanner 
(resolution 72 ppi) after a polymerization time of at least 24 
h, and the three-channel information corrected for 
inhomogeneity [5] was used to derive dose. Calibration films 
were irradiated from 0 Gy to 5 Gy for surface and flat 
applicators and from 0 Gy to 20 Gy for spherical applicators. 
Simulations and experimental data were compared in detail. 
 
Results: MC simulations are in good agreement with 
experimental data, at the 3%-1 mm level (10% dose 
threshold) for most setups, well within what is needed for 
XIORT planning. Accuracy of the comparison was mostly 
limited by the difficulty in assuring geometrical positioning 
within 1 mm or less of the physical phantoms. An example of 
dose distribution on a heterogeneous phantom of PMMA and 
bone for a 3 cm flat applicator is shown in figure 1. 
 
 
Figure 1. Experimental (top) and simulated (bottom) dose 
distributions of a PMMA-bone phantom with a 3 cm diameter 
flat applicator. More than 90% voxels pass the 3%-1mm 
gamma test. 
 
Conclusion: Preliminary results show that the optimized 
Monte Carlo dose calculation reproduces dose distributions 
measured with different applicators, accurately enough for 
XIORT planning. The method is flexible and fast, and has 
been incorporated in Radiance® [6], a treatment planning 
system for intraoperative radiation therapy developed by the 
GMV company. 
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Purpose or Objective: In-beam PET exploits the β+ 
activation induced in the patient's body by the hadron-
therapy (HT) particle beam to perform treatment monitoring 
and dose-delivery accuracy assessment. The INSIDE 
collaboration is building an in-beam PET and tracker 
combined device for HT. In this work we focus on the 
preliminary PET measurements performed at the CNAO 
(Italian Hadron-therapy National Center) synchrotron facility 
and on Monte Carlo simulations. 
 
Material and Methods: The PET module block is made of 
16x16 Lutetium Fine Silicate scintillator elements 3.2x3.2x20 
mm³ each, coupled one-to-one to a Silicon Photomultiplier 
matrix, read out by the TOFPET ASIC. The scanner will 
feature two 10x20 cm2 planar heads, made by 10 modules 
each, at a distance of 25 cm from the iso-centre. Preliminary 
tests investigated the performance of one module per head 
at nominal distance. Monoenergetic proton pencil beams of 
68, 72, 84 MeV and 100 MeV were targeted to a PMMA 
phantom placed inside the FOV of the two detectors. The 
CNAO synchrotron beam has a periodic structure of 1 s beam 
delivery (spill) and 4 s interval (inter-spill). Acquisition was 
performed both in- and inter-spill. A 250 ps coincidence 
window is applied to find the LORs and reconstruct the image 
with a MLEM algorithm. Monte Carlo (MC) simulations are 
used in HT for detector development and treatment planning. 
In case of 3D online monitoring, they could also be used to 
compare the acquired image, which is a measurements of the 
activity, with the expected distribution, and hence to assess 
the treatment accuracy. Taking into account the detection 
and digitisation processes, it is also possible to reconstruct 
the simulated image. MC simulations, performed with FLUKA, 
were used to assess the expected performance and also 
compared to the measured activity profiles. 
 
Results: Acquisition has been successfully performed in both 
inter-spill and in-spill mode. The inter-spill and in-spill 
Coincidence Time Resolution (CTR) between the two 
modules, measured without a fine time calibration, is 459 ps 
and 630 ps σ, respectively. The larger in-spill value is 
expected and related to background uncorrelated events. 
The images profile along the beam axis for the 68 and 72 MeV 
beam energies, which have a range short enough to be 
stopped by the phantom inside the FOV (5x5x5 cm³), show 
the characteristic distal activity fall-off. The expected proton 
range difference in PMMA for 68 and 72 MeV (3.64 mm) is 
compatible with the experimental measurement (3.61±0.10 
mm), obtained by fitting with sigmoid functions the fall-off 
of the image profiles (fig. 1). The same behaviour is found in 
simulated images. 
 
 
Conclusion: Tests with proton beams and prototype detector 
modules has confirmed the feasibility of the INSIDE in-beam 
PET monitoring device. Simulations are in good agreement 
with data and could be used to calculated the expected 
activity distribution measured by the PET scanner. 
 
 
